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1
AIR GUIDE FOR EQUIPMENT ENCLOSURE

RELATED APPLICATION

This application is a Divisional Under Rule 53(b) of
application Ser. No. 10/186,632, filed on Jul. 2, 2002, now
U.S. Pat. No. 6,690,577, entitled “Air Guide”, which 1n turn
is a Continuation Under Rule 53(b) of application Ser. No.
10/180,082, filed on Jun. 27, 2002, entitled “Air Guide”, and
priority 1s hereby claimed under 35 USC 120 based on these
applications.

BACKGROUND OF THE INVENTION

Electronic equipment, such as personal computers, for
example, are normally enclosed 1n equipment cabinets.
Because the electronic components 1n such cabinets generate
heat, to prevent overheating of the electronic components,
arrangements are provided for removing the heat generated
by such electronic components 1n the electronic equipment
cabinets. Openings are commonly provided 1n the electronic
equipment cabinets to allow the flow of air through the
cabinets so as to remove the heat generated by the electronic
components. A air moving device, such as a cooling fan,
may be provided to increase the flow of air through the
clectronic equipment cabinets.

Due to the increased complexity and improved pertor-
mance of various electronic components, such as the micro-
processors included in personal computers, for example, the
cooling arrangement for cooling the electronic equipment
cabinets 1s often 1nsufficient to remove the greater amounts
of heat generated by such electronic components.

In view of the above, various techniques have been used
to increase the flow of air around the electronic components
which generate a greater amount of heat, to remove such

orcater amounts of generated heat. For example, U.S. Pat.
No. 5,107,398 to Bailey, U.S. Pat. No. 5, 566,377 to Lee,

U.S. Pat. No. 6,113,485 to Marquis et al. U.S. Pat. No.
6,174,231 to Bodin, and U.S. Pat. No. 6,289,090 to Johnson
et al. each disclose arrangements to increase the flow of air
around microprocessors, for example, to remove the greater
amount of heat generated by such microprocessors. Air
ducts and/or auxiliary cooling fans are used to remove the
ogreater amount of heat generated by such microprocessors.

However, the above-noted arrangements must be custom-
made for each particular application. That 1s, a computer
manufacturer, for example, may manufacture several differ-
ent models of personal computers, each having different
motherboards. Each different motherboard may have its
microprocessor requiring additional cooling mounted at a
different location. Accordingly, it 1s necessary for the com-
puter manufacturer to custom make such air duct/auxiliary
cooling fan arrangements for each personal computer model.
This results 1n higher design costs, manufacturing costs, and
inventory costs 1n comparison utilizing a single air duct/
auxiliary cooling fan arrangement design for all of the
personal computer models.

SUMMARY OF THE INVENTION

In one aspect of the mvention, a method of adjusting an
air guide to provide a flow of air to cool a heat generating
element located 1n an enclosure includes: locating one end of
a first hollow element adjacent to an aperture 1n a wall of the
enclosure to allow air to pass freely between the aperture and
another end of the first hollow element; connecting at least
a first rigid hollow adjustable pipe, a first hollow elbow, a
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second rigid hollow adjustable pipe, and a second hollow
clbow together 1n that order, one end of the first rigid hollow
adjustable pipe partially coextensive with and adjustably
telescoping the another end of the first element and one end
of the first elbow and first and second ends of the second
rigid hollow adjustable pipe partially coextensive with and
adjustably telescoping another end of the first hollow elbow
and one end of the second hollow elbow such that the first
and second rigid adjustable hollow pipes have lengths which
are elfectively selectively adjustable within a predetermined
range; connecting a second hollow element between another
end of the second hollow elbow and the heat-generating
clement; locating an air moving device to move air between
the aperture and the heat generating element via the adjust-
able air guide; and selectively adjusting the lengths of the
first and second rigid adjustable hollow pipes to provide a
flow of air from the second hollow element to the heat-
generating element to cool the heat-generating element.

In another aspect of the present invention, an equipment
enclosure, including a heat generating element and an
adjustable air guide, includes a first hollow element located
adjacent a wall of the enclosure and having one end adjacent
to an aperture in said wall of said enclosure to allow air to
pass freely therethrough; at least a first rigid hollow adjust-
able pipe, a first hollow elbow, a second rigid hollow
adjustable pipe, and a second hollow elbow connected
together 1n that order, said first rigid hollow adjustable pipe
partially coextensive with and adjustably telescoping with
another end of said first element and one end said first elbow
and said second rigid hollow adjustable pipe partially coex-
tensive with and adjustably telescoping with another end
said first hollow elbow and one end of said second hollow
clbow such that said first and second rigid hollow adjustable
pipes have lengths which are effectively adjustable within a
predetermined range; a second hollow element having one
end connected to another end of said second hollow elbow
and having another end located adjacent to a heat generating,
clement; and an air-moving device to move air between said
aperture of said wall of said enclosure and said heat-
generating element.

In still another aspect of the invention, the at least first and
second rigid hollow adjustable pipes and the elements
adjacent thereto are arranged so as to rotate with respect to
one another.

Lastly, 1n another aspect of the invention, the elements of
the adjustable air guide are fixedly attached to one another
after assembly thereof so as to prevent movement therebe-
tween.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and a better understanding of the present
invention will become apparent from the following detailed
description of example embodiments and the claims when
read 1n connection with the accompanying drawings, all
forming a part of the disclosure of this invention. While the
foregoing and following written and 1llustrated disclosure
focuses on disclosing example embodiments of the inven-
tion, 1t should be clearly understand that the same 1s by way
of 1llustration and example only and that the mnvention 1s not
limited thereto. The spirit and scope of the present invention
are limited only by the terms of the appended claims.

The following represents brief descriptions of the draw-
ings, wherein:

FIG. 1 1s an exploded view of an equipment enclosure
including an adjustable air guide in accordance with an
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example embodiment of the present invention utilizing 90
degree elbows and a fan located within the equipment
enclosure.

FIG. 2 1s an exploded view of an equipment enclosure
including an adjustable air guide 1n accordance with another
example embodiment of the present invention utilizing 45
degree elbows and a fan located outside of the equipment
enclosure.

DETAILED DESCRIPTION

Before beginning a detailed description of the subject
invention, mention of the following 1s in order. When
appropriate, like reference numerals and characters may be
used to designate 1dentical, corresponding, or stmilar com-
ponents 1n different drawing figures. Furthermore, although
the example embodiments specifically refer to cooling a
microprocessor located 1n a personal computer cabinet, it 1s
of course understood that the present invention 1s not limited
thereto but may in fact be used with any heat generating
component 1n any equipment cabinet.

U.S. Pat. No. 5,497,825 to Yu and U.S. Pat. No. 5,917,697
to Wang each disclose earlier disadvantageous CPU cooling
arrangements which reduce the need to custom make air
duct/auxiliary cooling fan arrangements for each personal
computer model. Flexible bellows-type air ducts and auxil-
1ary cooling fans are used to increase the flow of air around
the microprocessors to remove the greater amount of heat
generated by such microprocessors. However, such flexible
bellows-type air ducts have many disadvantages. Namely,
such air ducts can only be bent to a limited extent and
accordingly, such air ducts may reduce but not eliminate the
need to custom make air duct/auxiliary cooling fan arrange-
ments for each personal computer model. Furthermore, such
flexible bellows-type air ducts are more expensive to manu-
facture than standard rigid air ducts. Still furthermore, such
flexible air ducts would require extra supporting structure to
prevent them from moving freely mside the computer cabi-
net, thereby causing potential system failures during shock
and vibration upon the flexible air ducts contacting sensitive
clectronic components within the computer cabinet. In addi-
tion, the flexible bellows-type air ducts may cause thermal
1ssues due to excess material inside the computer cabinet
obstructing the main flow of air through the cabinet. Lastly,
in many applications, such air ducts must meet appropriate
flame-rating standards, which may severely limit the choice
of materials for such flexible bellows-type air ducts.

In an embodiment in accordance with the present imnven-
tion, an adjustable air guide i1s added to the equipment
enclosure to allow additional air to flow around the heat
generating component located in the equipment enclosure
and requiring additional cooling. This adjustable air guide
may 1nclude a first hollow element, a first rigid hollow
adjustable pipe, a first hollow elbow, a second rigid hollow
adjustable pipe, a second hollow elbow and a second hollow
clement arranged in that order and further including an air
moving device so as to allow air to freely pass through the
adjustable air guide. The rigid hollow adjustable pipes have
ends which are partially coextensive with corresponding
ends of adjacent elements so as to adjustably telescope
therewith and thereby have lengths which are effectively
adjustable within a predetermined range. Furthermore, the
rigid hollow adjustable pipes and the elements adjacent
thereto may be rotatable with respect to one another. The
coniliguration of this adjustable air guide may be adjusted to
allow additional air flow over a heat generating component
in the equipment enclosure requiring additional cooling,
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irrespective of the location of this heat generating compo-
nent in the enclosure. In addition, the rigidity of the elements
of this adjustable air guide obviate the need for additional
support within the equipment enclosure. Furthermore, the
adjustability of the air guide allows 1ts use with different
cquipment models without requiring custom-made air
oguides for each model.

Referring to FIG. 1, a flared or funnel shaped hollow
clement 100 has one end affixed to a wall 110 of an
equipment enclosure 105. An aperture (not shown) in the
wall 110 of the equipment enclosure 105 allows air to pass
freely between the space outside of the enclosure 105 and
the element 100. Another end of the element 100 includes an
aperture which mates with one end of a first rigid hollow
adjustable pipe 120. The another end of the element 100 1s
partially coextensive with the one end of the first adjustable
pipe 120. Another end of the first rigid hollow adjustable
pipe 120 1s mated to one end of a first 90 degree hollow
clbow 140 having a second end which 1s in turn mated to one
end of a second rigid hollow adjustable pipe 160. The
another end of the first adjustable pipe 120 1s partially
coextensive with the one end of the first hollow elbow 140
and the second end of the hollow elbow 140 1s partially
coextensive with the one end of the second adjustable pipe
160. Another end of the second rigid hollow adjustable pipe
160 1s mated to a first end of a second 90 degree hollow
clbow 170 having another end which 1s in turn mated with
one end of a fan enclosure 180 having a fan 190 disposed
therein. The another end of the adjustable pipe 160 1is
partially coextensive with the first end of the elbow 170 and
the another end of the elbow 170 1s partially coextensive
with the one end of the fan enclosure 180. The fan enclosure
180 and fan 190 are disposed adjacent to a microprocessor
heat sink 200 which 1s thermally connected to a micropro-
cessor 220.

The rnigid hollow adjustable pipes 120 and 160 arc
designed so as to telescope with the 90 degree hollow
clbows 140 and 170 and the element 100 such that their
lengths are effectively adjustable within a predetermined
range. That 1s, one end of the adjustable pipe 120 may
adjustably telescope 1nside of one end of the elbow 140 so
as to be more or less coextensive therewith, for example,
thereby adjusting the effective length of the adjustable pipe
120. Furthermore, the rigid hollow adjustable pipes 120 and
160 and the 90 degree hollow elbows 140 and 170 and the
clement 100 may be arranged such that these elements can
rotate with respect to one another.

While element 100 1s shown as bemng a flared or funnel
shaped hollow element, the present invention 1s not limited
thereto 1n that other shapes for element 100 are possible.
Furthermore, while the rigid hollow adjustable pipes 120
and 160 are shown as having a round cross-section, the
present 1nvention 1s not limited thereto 1n that pipes of other
cross-sectional shapes, such as oval or rectangular, may be
used. Still furthermore, while the hollow elbows 140 and
170 are shown as 90 degree elbows, the present invention 1s
not limited thereto in that elbows having other angles, such
as 30 or 45 or 60 degrees, may be used. In addition, 1f rigid
hollow adjustable pipes having other than round cross-
sectional shapes are used, swivel arrangements may be
included with the elbows and flared element or the rigid
hollow adjustable pipes to allow the rigid hollow adjustable
pipes and hollow elbows and hollow flared element to rotate
with respect to one another.

The elements illustrated 1n FIG. 1 may be fabricated of a
metal, such as aluminum, copper, or steel. They also may be
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fabricated of a plastic, such as PVC. Various combinations
of materials may also be used to fabricate the elements
illustrated 1n FIG. 1.

One end of the flared element 100 1s affixed to the wall
110 of the equipment enclosure 103 so that an aperture 1n the
wall 110 of the equipment enclosure 103 1s adjacent the one
end of the flared element 100 to allow the free flow of air

therethrough. The remaining elements, that 1s, the rigid
hollow adjustable pipes 120 and 160 and hollow elbows 140

and 170 and the fan enclosure 180 and fan 190 are then
assembled and adjusted until the fan enclosure 180 and fan
190 are properly disposed and the fan enclosure 180 and fan
190 may then be affixed to a mounting arrangement on the
motherboard or equipment enclosure 105 to add rigidity to
the resultant combination. Additional rigidity may also be
added by fixedly attaching the elements together after
assembly with a fixing means, such as bonding with an
adhesive, welding or brazing or soldering, screwing or
riveting, or using other bonding means.

A fan 190 has been shown as the air moving device.
However, the present invention 1s not limited thereto in that
other air moving devices, such as blowers or compressors
may also be used. Furthermore, while the fan 190 has been
shown as being within the fan enclosure 180 and adjacent to
the heat sink 200, the present invention 1s not limited thereto
in that the fan may be disposed outside of the enclosure, or
just within the enclosure, or within any of the rigid adjust-
able pipes or elbows, or adjacent to the heat sink. Still
furthermore, the heat sink 200 may be omitted in some
arrangements or may be replaced by other heat transfer
devices, such as heat pipes 1n other arrangements. In addi-
tion, while the fan enclosure 180 1s shown as being flared or
funnel shaped, the present invention 1s not limited thereto in
that other shapes may also be used.

FIG. 2 1llustrates an exploded view of another example
embodiment 1n accordance with the present invention. As
illustrated therein, a fan 390 1s disposed outside the wall 110
of the enclosure 105 with one end of a first flared element
300 disposed 1nside the wall 110 of the enclosure 105. There
is an aperture (not shown) in the wall 110 of the enclosure
105 between the fan 390 and the one end of the first flared
clement 300 so as to allow air to freely pass there through.

A first rigid hollow adjustable pipe 320 1s located between
another end of the first flared element 300 and one end of a
first 45 degree hollow elbow 340. Another end of the first 45
degree hollow elbow 340 1s mated to one end of a second
rigid hollow adjustable pipe 360 having another end which

1s 1n turn mated with one end of a second 45 degree hollow
clbow 370. Another end of the second 45 degree hollow

elbow 370 1s mated with one end of a second flared element
380 having another end which 1s disposed adjacent to the
heat sink 200 which 1s thermally connected to the micro-
processor 220. One end of the first adjustable pipe 320 1s
partially coextensive with the another end of the flared
clement 300 and another end of the first adjustable pipe 1s
partially coextensive with the one end of the elbow 340.
Similarly, the one end of the second adjustable pipe 360 is
partially coextensive with the another end of the first elbow
340 and the another end of the adjustable pipe 360 1s
partially coextensive with the one end of the elbow 370.

The rigid hollow adjustable pipes 320 and 360 arc

designed so as to telescope with the 45 degree hollow
clbows 340 and 370 and the element 300 such that their

lengths are effectively adjustable within a predetermined
range. That 1s, one end of the adjustable pipe 320 may
adjustably telescope 1nside of one end of the elbow 340 so
as to be more or less coextensive therewith, for example,
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thereby adjusting the effective length of the adjustable pipe
320. Furthermore, the rigid hollow adjustable pipes 320 and
360 and the 45 degree hollow elbows 340 and 370 and the
clement 300 may be arranged such that these elements can
rotate with respect to one another.

It 1s clear from FIGS. 1 and 2 that the use of adjustable
rigid hollow pipes and elbows which allow rotation between
the adjustable rigid hollow pipes and the elbows results 1n a
coniliguration which allows tremendous design flexibility so
as to allow a manufacturer to produce several different
equipment models without having to custom make air guide
arrangements for each model.

This concludes the description of the example embodi-
ments. Although the present invention has been described
with reference to a number of illustrative embodiments
thereof, 1t should be enlisted that numerous other modifica-
fions and embodiments can be devised by those skilled 1n the
art that will fall within the spirit and scope of the principles
of this mmvention. More particularly, reasonable variations
and modifications are possible in the component parts and/or
arrangements of the subject combination arrangement
within the scope of the foregoing disclosure, the drawings,
and the appended claims without departing from the spirit of
the 1nvention. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses
will be apparent to those skilled in the art.

What 1s claimed 1s:

1. An equipment enclosure including a heat generating
clement and an adjustable air guide, the enclosure compris-
Ing:

a first hollow element located adjacent a wall of the

enclosure and having one end adjacent to an aperture 1n

said wall of said enclosure to allow air to pass freely
therethrough;

at least a first rigid hollow adjustable pipe, a first hollow
celbow, a second rigid hollow adjustable pipe, and a
second hollow elbow connected together 1n that order,
said first rigid hollow adjustable pipe partially coex-
tensive with and adjustably telescoping with another
end of said first element and one end of said first hollow
elbow and said second rigid hollow adjustable pipe
partially coextensive with and adjustably telescoping
with another end of said first hollow elbow and one end
of said second hollow elbow such that said first and
second rigid hollow adjustable pipes have lengths
which are effectively adjustable within a predetermined
range;

a second hollow element having one end connected to
another end of said second hollow elbow and having
another end located adjacent to a heat generating ele-
ment; and

an air-moving device to move air between said aperture of
said wall of said enclosure and said heat-generating,
clement.

2. The equipment enclosure of claim 1, wherein one of the
at least first and second rigid hollow adjustable pipes com-
prises providing a rigid hollow adjustable pipe having one of
a circular, an oval, and a rectangular cross-section.

3. The equipment enclosure of claim 1, wherein the first
and second hollow elements and the at least first and second
rigid hollow adjustable pipes and the first and second hollow
elbows are fixed to prevent movement therebetween.
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4. The equipment enclosure of claam 3, wherein fixed pipes has one of a circular, an oval, and a rectangular
includes at least one of bonding with an adhesive, welding, Cross-section.
brazing, soldering, screwing, and riveting 6. The equipment enclosure of claim 1, wherein said air

moving device comprises one of a fan, a blower, and a
5. The equipment enclosure of claim 1, wherein at least ° COmMPressor.

one of said at least first and second rigid hollow adjustable £ % % % %
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